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(54) Title: G-KICII OPICO APTAMEUS AND METHODS OP MODULATING AN IMMUNE RESPONSE 
(57) Abstract 

Aptamcr oligonucleotides specifically bind to the DNA binding site of proteins sucli as Spl and Sp I -related proteins which regulate 
the genes which encode costiimilalory molecules such as CD28 and cytokines such as lL-2 and GMCSF. The oligonucleotides compete 
willMlie DNA-biuding sites of regulatory proteins which specifically regulate molecules to modulate T-ccll activation. This serves to 
modulate, gent' expression by preventing transcription of the gene, A|>I;hiuts are mlmini.Meied to provide therapies for discuses which 
involve aberrant T-cell activation such as psoriasis, Type I (insulin-dcpciulcnl) diabetes incllitus. multiple sclerosis, autoimmune uveitis, 
rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel disease (Crohn's and ulcerative colitis), and septic shock and to 
regulate normal T-cell activation such as in allograft rejection. 
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G-R1CH OL1GO APTAMERS AND ME THODS 01 ; 
MODULATING AN IMMUNE RESPONSE 

t 

l-IEI.I) OF THE INVENTION 

The Held of the invention is immunology. 

i 

BACKGROUND OI ; Villi INVHNTION 

The pathogenesis and exacerbation of many prevalent T-cclI mediated diseases 
result from an inappropriate immune response driven by abnormal T-cell activation. A 
number of other diseases are thought to be caused by aberrant T-cell activation including 
Type I (insulin-dependent) diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus erythematosus, inflammatory 
bowel disease (Crohn's and ulcerative colitis) and aplastic anemia. In addition, a variety of 
syndromes including septic shock and tumor-induced cachexia may involve T-cell 
activation and augmented production of potentially toxic levels of lymphokines. Normal 
T-cell activation also mediates the rejection of transplanted cells and organs by providing 
the neccessary signals for the effective destruction of the "foreign" donor tissue. 

The activation of T-lymphocytcs leading to T-cell proliferation and gene expression 
and secretion of specific immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell reccptor/CD3 complex, of 
antigen presented by major histocompatibility complex molecules on the surface of antigen- 
presenting cells (APCs). Antigen-nonspecific intercellular interactions between T-cclls and 
APCs provide the second signal which serves to regulate T-cell responses to antigen. These 
secondary or costimulatory signals determine the magnitude of a T-cell response to antigen. 
Costimulated cells react by increasing the levels of specific cytokine gene transcription and 
by stabilizing selected mRNAs. T-cell activation in the absence of costimulation results in 
an aborted or anergic T-ccll response. One key costimulatory signal is provided by 
interaction of the T-ccll surface receptor CD28 with B7-related molecules on APC (Linsley 
and Ledbcltcr (1993) Annu Rev Immunol 11 : 191-212). CD28 is conslitulively expressed 
on 95% of CD4+ T-cclls (which provide helper functions for B-cell antibody production) 
and 50% of CD8+ T-cells (which have cytotoxic functions) (Yamada et al (1985) Eur J 
Immunol 15 : 1164-1168). Following antigenic or in vitro mitogenic stimulation, further 
induction of surface levels of CD28 occurs, as well as the production of certain 
immunomodulatory cytokines. These include interIeukin-2 (IL-2), required for cell cycle 
progression of T-cclls, interferon-ganima (IFNy), which displays a wide variety of anti-viral 
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allogeneic response lo foreign antigens, for example, on donor tissue (Azuma el al (1992) 
J Exp Med 175:353-360. Turka el ai ( 1992) Proc Nat Acad Sci USA 89: I 1 102-1 I 105). 

Traditional therapies tor autoimmune diseases do not prevent T-eell activation; the 
effector step in the autoreactive immune responses to self-antigen. Drugs, such as steroids 
5 and non-steroid anti-inflammatory drugs (NSAIDS), are currently used to ameliorate 
symptoms, but they do not prevent the progression of the disease. In addition, steroids can 
have side effects such as inducing osteoporosis, organ toxicity and diabetes, and can 
accelerate the cartilage degeneration process and cause so-called post-injection flares for 
up to 2 to X hours. NSAIDS can have gastrointestinal sitlc effects and increase the risk of 

10 agranulocytosis and iatrogenic hepatitis. 

Immunosuppressive drugs are also used as another form of therapy, especially in 
advanced disease stages. However, these drugs suppress the entire immune system and 
often treatment has severe side effects including hypertension and nephrotoxicity. Also 
established immunosuppressants such as cyclosporin and.FK506 cannot inhibit the CD28- 

1 5 dependent T-cell activation pathway (June et al (1987) Mol Cell Biol 7 : 4472-4481). 

Current agents which affect T-cell activation include synthetic peptides,, 
monoclonal antibodies and soluble forms of T-cell activation molecules. To date 
competitive synthetic peptides to T-cell activation molecules such as CD28, CD40L and 
the CAM family of adhesion molecules have not been identified. Monoclonal antibodies 

20 (mAb) have been shown to have possible therapeutic effect in such T-cell mediated 
diseases such as psoriasis (anti-CD4 (Prinz ct al (1994) Lancet 338 : 320-321)) and 
immunosuppression of normal T-cell activation in allografts (anti-VCAM-1 and VLA-4 
(Isobc ct al (1994) ./ Immunol 153 : 5810-5818)). However, with chronic treatment, the 
host animal develops antibodies against the monoclonal antibodies thereby limiting their 

25 usefulness. 'Humanized' monoclonal antibodies, have been developed which apparently 
reduce the risk of an induced immune response to these mAbs. However, these are still 
under development and in addition, these new mAbs remain large proteins and therefore 
may have difficulty reaching their target sites. Soluble forms of T-cell activation 
molecules such as CTLA-4Ig, containing the extracellular domain of the human CTLA-4 

30 gene (which is sequentially related to CD28), fused to a human Ig Cy chain, have been 
developed. CTLA-4Ig has been shown to specifically block normal T-cell activation by 
preventing rejection of xenogeneic (Lenschow et al (1992) Science 257 : 789-792) and 
allogeneic (Turka et al (1992) Proc Nat Acad Sci USA 89 : 11102-11105) cardiac 
allografts in rats and have therapeutic effect on aberrant T-cell activation such as found in 

35 rat autoimmune glomerulonephritis (Nishikawa et al (1994) Eur J Immunol 24 : 1249- 
1254). Soluble CTLA-4Ig however suffers from similar limitations as monoclonal 
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SUMMARY OF THE INVENTION 

In accordance willi the present invention. ;ipt;uner oligonucleotides ;irc provided 
which were designed to specifically bind to the DNA binding site of proteins such as Spl 
and Spl -related proteins which regulate the genes which encode costimulatory molecules 
such as CD28 and cytokines such as 1L-2 and GMCSI". 

In preferred embodiments, the oligonucleotides are designed to bind to specific 
regulatory proteins such as "Spl 'and Spl -related proteins and act to compete with the 
binding of these transcription factors to the promoter region of the genes which are under 
their control. This serves to modulate gene expression by preventing transcription of the 
uene. Thus the aptamer oligonucleotides are able to inhibit the function of RNA or DNA. 
either its translation into protein, its translocation into the cytoplasm or any other activity 
nccccssary to its overall biological function. The failure of the RNA or DNA to perform 
all or part of its function results in failure of a portion of the genome controlling T-ccll 
activation to be properly expressed, thus modulating said metabolism. 

It is preferred to target aplanicric nucleic acid decoys to compete with Hie DNA 
binding sites of regulatory proteins which specifically regulate molecules which can 
modulate T cell activation. It has been discovered that the CD28 protein is particularly 
useful for this approach. Inhibition of CD28 and CD28-related gene expression is 
expected to be useful for the treatment of psoriasis and other skin diseases, syndromes with 
aberrant T-cell activation, autoimmune disorders and allograft rejection. 

Methods of modulating T-cell activation comprising contacting a patient with an 
oligonucleotide which competes with the DNA-binding site of a regulatory protein such as 
to inhibit expression of a regulated protein known to be capable of modulating T-cell 
activation are provided. Oligonucleotides which bind to proteins such as Spl and Spl- 
rclatcd proteins which regulate transcription of CD28 and CD28-related genes are 
preferred. 

In another aspect of the invention, aptamers are administered to provide therapies 
for diseases which involve aberrant T-cell activation such as psoriasis, AIDS-exaccrbatcd 
psoriasis and other skin diseases, Type I (insulin-dependent) diabetes mcllitus, thyroiditis, 
sarcoidosis, multiple sclerosis, autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory bowel disease (Crohn's and ulcerative colitis), septic shock, 
tumor-induced cachexia and aplastic anemia and to regulate normal T-cell activation such 
as in allograft rejection. This can be achieved by perturbation in the synthesis and 
expression of T-ccll activation molecules including CD28 and CD28-rclatcd molecules. 

In yet another aspect of the invention, aptamers are provided which are capable of 
binding specific regulatory proteins such as Spl and Spl -related proteins and thus inhibit 
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Aptameric oligonucleotides which specifically bind to the DNA-binding site of 
regulatory proteins such as Spl and Spl -related proteins will prevent the binding of the 
5 regulatory protein with specific double-stranded region of DNA in the promoter region the 
gene of interest. The competiye binding by the aptamcr would hinder transcription of the 
renc ami ihus inhibit (he (low of genetic information from DNA lo protein. The properties 
of oligonucleotides which make them s pee ilk for their target also make them versatile. 
Because oligonucleotides are long chains of lour monomeric units they may be readily 
I () synthesized for any target RNA sequence. 

Oligonuclcotide-mediated inhibition of gene expression has been demonstrated in 
many model and in vitro systems and has therapeutic potential as a new strategy for 
treating many human diseases (Uhlmann and Peyman (1990) Chem Rev 90 : 544-584, Zon 
and Stcc (1991) Oligonucleotides and analogues - A Practical Approach: 87-108, Miller 
15 et al (1981) Biochem 20 : 1874-1880, Orson et al (1991) Nucleic Acid Res 19 : 3435- 
3441, Helene and Toulme (1990) Biochem Biophys Ada 1049 : 99-125, Thierry and 
Dritschilo (1992) Nucleic Acid Res 20 : 5691-5698). Because of recent advances in 
synthesis of nuclease resistant oligonucleotides, including phosphorothioates Zon and Stec 
(1991) Oligonucleotides and analogues - A Practical Approach: 87-108 and 
20 phosphorothioate-3'hydroxypropylamine (Tarn et al (1994) Nucleic Acid Res 22 : 977- 
986), which exhibit enhanced cell uptake, it is now possible lo consider the use of 
oliuonuclcotidcs as a novel form of therapeutics. Aptameric oligonucleotides targeting 
regulatory protein binding sites represent an alternative class of nucleic acid-based 
compounds and they offer an ideal solution to the problems encountered in prior art 
25 approaches. They are directly involved in the modulation of specific gene expression and 
so switch off target protein expression and not the competitive inhibition of soluble 
receptors to the target protein, an interaction which requires a complete understanding of 
the binding mechanisms and affinity of receptor-ligand interaction. Oligonucleotides are 
small molecules therefore do not encounter the same steric problems as large molecule 
30 inhibitors. 

L i 

DESCRIPTION .OF TARGETS 

Targets contemplated herein include molecules which can be regulated by 
transcription factors which play an essential role in initiating or maintaining an immune 
35 response. These include the costimulatory molecules such as CD28 and cytokines such as 
IL-2, GM-CSF and fFNy. 
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or polymer of ribonucleic acid or deoxyribonucleic acid. This lenn includes oligomers 
consisting of naturally occurring bases, sugars and intcrsugar (backbone) linkages as well 
as oligomers having non-naturally occurring portions which function similarly. Such 
modified or substituted oligonucleotides are often preferred over native forms because of 
5 properties such as, for example, enhanced cellular uptake and increased stability in the 
presence of nucleases. 

The oligonucleotides in accordance with this invention preferably comprise from 
about 3 to about 50 nucleic acid base units. It is more preferred that such oligonucleotides 
comprise from about 8 and 30 nucleic acid base units, and still more preferred to have 
10 from about 12 and 22 nucleic acid base units. As will be appreciated, a nucleic acid base 
unit is a base-sugar combination suitably bound to an adjacent nucleic acid base unit 
through phosphodiester or the other bonds. 

The oligonucleotides used in accordance with this invention may be conveniently 
and routinely made through the well-known technique of solid phase synthesis. 
15 Equipment for such synthesis is sold by several vendors including Applied Biosystcms. 
Any other means for such synthesis may also be employed, however the actual synthesis of 
oligonucleotides are well within the talents of the routineer. It is also well known to use 
similar techniques to prepare other oligonucleotides such as phosphorothioates and 
3'amine-phosphorothioates. 
20 In accordance with this invention, persons of ordinary skill in the art will 

understand that messenger RNA identified by the open reading frames (ORFs) of the DNA 
from which they are transcribed includes not only the information from the ORFs of the 
DNA, but also associated ribonucleotides which form regions known to such persons as 
the S'-untranslatcd, the 3'-untranslatcd region and intervening sequence ribonucleotides. 
25 Thus, oligonucleotides may be formulated in accordance with this invention which are 
targeted wholly or in part to these associated ribonucleotides as well as to the 
informational ribonucleotides. In preferred embodiments, the aptameric oligonucleotide 
interacts with the DNA-binding site of a regulatory protein such as Spl and Spl -related 
proteins, and in doing so interrupt the expression of a gene encoding a protein involved in 
30 T-cell activation. In preferred embodiments, said proteins to be regulated are CD28 and all 
homologues of the CD28 molecule. Oligonucleotides comprising sequences containing at 
least two G-rich regions defined as a region of four nucleotides containing at least three 
guanosinc (G) residues such as GGGG, GNGG, GGNG where N = A, C, G, U or T are 
preferred. Two such G-rich regions separated by at most 6 residues and preferably 4 or less 
35 residues are useful in the invention. A preferred sequence segment which may be useful in 
whole or in part is : 
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(Beckman, Fullerlon, CA). All oligonucleotides of >9() % purity were lyophilizcd u> 
dryness. Oligonucleotides were reconstituted in sterile deionized water (ICN, Costa 
Mesa), adjusted to 400 jaM following evaluation of 0026011111. aliquoted and stored at -20 

°C prior to experimentation. In all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 

In vitro oligonucleotide stability studies • 

Temporal oligonucleotide stability analyses were performed as described 
previously (Tarn el al (1994) Nucleic Acid Res 22 : 977-986). Oligonucleotide 
degradation profiles were assessed by electrophoresis and quantitated using Nickspin 
columns. 

Cell lines and T cell purification 

Peripheral blood mononuclear cells (PBMCs) were isolated from the buffy coat following 
l : icoll-l!ypaque density gradient ccntrifugation of 60 ml blood from healthy donors. T- 
cells were then purified from the PBMCs using Lymphokvvik lymphocyte isolation reagent 
specific for T-cells (LK-25T, One Lambda, Canoga Park CA). An average yield of 40 - 60 
x 10 6 T-cells were then incubated overnight at 37 °C in 20 - 30 ml RPMI-AP5 (RPMI- 
1640 medium (ICN, Costa Mesa, CA) containing 20 mM HEPES buffer, pH 7.4, 5 % 
autologous plasma, 1 % L-glutaminc, 1 % penicillin/streptomycin and 0.05 % 2- 
mercaptoethanol) to remove any contaminating adherent cells. In all experiments, T-cells 
were washed with RPM1-AP5 and then plated on 96-well microtitrc plates at a cell 
concentration of 2 - 3 x 10 6 cells/ml. 

The T-cell lymphoma cell line, Jurkat E6-1 (CD28 + /CD4 H ') cells (152-TIB) were 
maintained in RPMI-10 (RPMI-1640 medium containing 20 mM HEPES buffer, pH 7.4, 
10 % fetal calf serum (FCS) (Hyclone, Logan, UT), 1 % L-glutamine and 1 % penicillin 
/streptomycin). 

Mitogcn-induccd T-cell activation and oligonucleotide treatment 

Prior to the addition of human peripheral T-cells or T-cell lymphoma cell lines (0.2 - 
0.3 x 10^), duplicate 96-well microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, Pharmingcn, San Diego, CA) 
and washed twice with cold phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treatcd 
T-cells were further activated by the addition of 2 ng phorbol 12-myristate 13-acetatc (PMA) 
(Calbiochem, La Jolla, CA) and incubated for 48 h at 37 °C. Anti-CD3/PMA-activatcd T- 
cells were treated with 1 - 20 |LtM CD28-specific and control oligonucleotides immediately 
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reaction mixtures contained lOmM Tris-IICl (pi I 7.5), 5()inM NaC L 0.5mM DTT, 0.5mM 
KDTA. ImM MgCh, 4% glycerol and O.S^g of pnly(dl.dC'). DNA-protein complexes 
were resolved by electrophoresis through a 4% polyaerylamide gel containing ().5x TBI;" 
buffer (50mM Tris, 45mM boric acid, 0.5mM LiDTA) for approximately 3 hr al 100 V. 
^ The gel was dried and auioradiographed using Phosphorlmager ( liiorad, Richmond, (. !A ). 

cDNA preparation for DNase footprint assay and gel shift assay 

The cDNAs (about 300 base pairs) used in the protein-DNA binding in DNase 
footprint assays and gel shift assays were isolated from plasmids pCAT3e 28b, pCAT3e 

10 28h or pCAT3e 28h-l. 60 ^tg of each plasmid were digested with Bglll, some being put 
first on agarose gel to check for linearity, the rest then phenoi/sevag extracted, ethanol 
precipitated and then resuspended in water and digested with Sacl. Again, a small portion 
was put on the gel to check if it's cut. (2 bands should appear now: a 4 kb band and a 300 
b.p. band.) The rest was phenol/scvag extracted and ethanol precipitated. For the 

1 5 following dephosphorylatiom DNA pellet was ffesuspended in a small volume of water (62 
I |il of 20 U/pI alkaline phosphatase (Boehringer Mannheim, Indianapolis, fN) and 7 
of the 10X reaction buffer were added. After incubating the reaction mixture at 37°C 
for 1 hour, 7 (il of pH 8.0, 0.2M EGTA was added and the whole tube was heated at 65°C 
for 10 min. The whole 77 p.1 of the dcphosphorylatcd DNA were put on 1% agarose gel to 

20 purify the 300 b.p. band using Qiaquick gel extraction kit from Qiagen (Santa Clarita, 
CA). Final volume of the purified 300 b.p. band was 70 p.1 and its concentration was 
calculated as follows: 60 jig x (300 b.p./4300 b.p.) = 4.2 (.ig, assuming 50% recovery after 
all these manipulations: 2.1 |ig/70 jil = 30 ng/jil. For each 32 P end-labeling reaction 
(kinasing), 5 (il to 7 p.1 of the purified 300 b.p.. DNA was used. 

25 

Polyaerylamide gel preparation for gel shift assay 

4% non-denaturing polyaerylamide gel solution in 0.5X TBE was prepared 
according to the Promega Gel Shift Assay Systems technical bulletin (4% acrylamidc, 
0.05% bisaerylamide, 2.5% glycerol, 0.5X TOE). A slock of 250 ml of the above gel 
30 solution was prepared, filtered and kept at 4°C. For each use, 12.5 |il of THMLiD and 
187.5 nl of 10% ammonium persulfate was added to every 25 ml of the stock 4% gel 
solution and poured into 16.5 cm X 16.5 cm X 0.75 mm glass plates. Gels were always 
allowed to polymerize overnight for optimal. results. The gel was pre-run in 0.5X TBE 
buffer for 30 min at 1 00V before loading the samples. 

35 

Double stranded oligonucleotides formation and purification 
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The construction ol p( AT3c 2Kb, |)( AT3e 2,Sh, p(AT3c 28li-l 

('l).l.S upsUCMtii oDNA (-!'»'/ l«> i .'-X) was produced hy U T I'CK u:;iii|; Jmkal lolal 
KM A ;is icmplalc. This piece ol'cDNA was first cloned into a TA cloning vector PGR 2.1 
(Invitrogen, Carlsbad. CA). The same cDNA was later subclonecl into pCAT3e (Piomega) 
by inserting into the Xhol-Sacl site. pCAT3e 28b and pCAT3c 28h-l are mutants of 
pCAT3c 28b in which -51 to -22 sequences were deleted and substituted by 15 other 
nucleotides. 

Trnnsfcction (transient expression) 

One day before trnnsfcction, Jurkat cells were prepared in 2 or 3 T150s at 1:4 or 
1:5 dilutions from 80-90% confluent cells. Just before transfection, all cells were pooled 
in one flask and counted (concentration should be around 40 X 10 per nil.) 11 X 4 X 10*' 
cells for 10 transfection reactions were spun down in 50 ml conical tubes. Cells were 
washed IX with half of the original volume of PBS, then resuspended in 44 ml 
prewarmcd fresh Jurkat media (90% RPMI 1640, 10% FBS, 1% L-glutamate, 1% 
penicillin/streptomycin) so final concentration was 1 x lO'Vml. 4 ml of the cells was 
pipetted in each of the wells in 6-wcll plates. 2.5 ul of 2 mg/ml plasmid (pCAT3e scries) 
was pipetted in a 1.5 ml tube, 147.5ul RPMI 1640 medium (no serum, no antibiotics) was 
added, then 20 u.1 of the Superfact reagent from Qiagen was added to the plasmid/mcdium 
solution, mix by pipetting up and down 5X, and allowed to sit at room temperature for 5- 
10 min. The transfection complex was added drop-wise to the cells in each well, gently 
swirling the plate to mix. The cells were incubated in a 37°C, 5% C0 2 incubator, and 
harvested for CAT assay after 24 hours. If oligos were to be added after transfection, 50 pi 
of the stock 400 uM oligo was added to the cells at the designated time, ( 1 hour after 
transfection) and cells were returned to the incubator. 

CAT assay 

After 24 hours of incubation, cells were harvested by pipetting the cells from each 
well to 15 ml conical tubes, making sure to rinse well with cell media so no cells were left 
behind. They were spun at 2,000 rpms for 5 minutes at room temperature. Media was 
pipetted off. Each cell pellet was washed 3X with 2 ml PBS (PBS was added, vortcxed, 
spun, media pipetted off). As much of the final PBS wash as possible was removed with a 
pipette tip. 400 u.1 of IX Reporter Lysis Buffer (Promega CAT Enzyme Assay System) 
was added to each cell pipette, and transferred to a 1 .5 ml tube. The cell pellet was 
incubated in lysis buffer at room temp, for 30 min, vortexed occasionally. These tubes 
were heated at 60°C for 10 min at the end of 30 min incubation, then spun at room temp, 
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separated by four bases (Seq tt 5 - 8). These data suggest that the interaction of an oligo 
such as FIGURE I A (Seq If- 4) and its putative target, is dependent on a precise 
conformational requirement like that seen in a oligo-protein interaction rather than a 
nucleic acid : nucleic acid hybridization requirement (as found with antisense and antigene 
5 models). 

( )Iim>inu'looli<h\s containing a specific I2im*r sequence in:>lii forms a specific prolciu 
oli^o complex 

Figure 2 shows the electrophorctic mobility shift analysis of 32P-labeled 
10 - oligonucleotides preincubated with HeLa cell extract. The list of oligos in Table 3 includes 
two [FIGURE 1A (Seq HA) and ICN 16481 (Seq // 5)] which contain a 12 mer motif 
bearing two sets of G-tetrads separated by 4 nucleotides. The motif bearing oligos (lanes 5 
and 1 1 were the only test oligos to give such an oligo-protein shift (Band A) distinct from 
other phosphorothioate oligos. These data suggest that a specific protein-oligo interaction 
1 5 occurs with oligos containing the 12mer motif. 

Inhibition of functional CD28 expression in activated human T-cclls by aptamcric 
oligonucleotides correlates with presence of specific oligo-protein complex 

Table 4 compares the inhibitory effect on both mitogen-induccd CD28 expression 
20 and IL-2 production by certain phosphorothioate oligonucleotides at 5 jaM, with their 
aptameric ability to form a specific oligo-protein complex when incubated with HeLa 
nuclear extract, an enriched source of transcription factors. These data clearly indicate a 
correlation between the inhibitory activity of motif-bearing oligos on CD28 expression and 
IL-2 secretion and the formation of a specific gel shift band. Substitution within the 2 G- 
25 tetrads results in loss of function and results in the disappearance of the oligo-protein 
complex. 

The CD28 upstream promoter region -197 to + 28 (28b) binds Spl 

32P-labeled CD28 promoter region -197 to +28 otherwise known as 28b was 
30 incubated with Spl protein and serial threefold dilutions of Spl antibody beginning with 
().5(.tg. A gel supershift assay was performed and the DNA-protein-antibody complexes 
resolved following electrophoresis and the data shown in Figure 4. The data shows that 
Spl does bind to 28b region of the CD28 promoter. This interaction is specific as 
following serial dilution of the specific Spl antibody to 0.0061 7ug the SpI/32P-28b/Spl 
35 antibody band (band B) disappears leaving the 28b/Spl band (band A). This shows the 28b 
does specifically bind to Spl. Free 32P-labeled 28b is band C. 
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SEQUENCE LISTING 



( I ) i ;i\NKl'AI, I MK« »I'MAT I < >N : 

(i) APPLICANT: Robert Tarn 

(ii) TITLE OF INVENTION: G-RICH OLIGO APTAMERS AND 
METHODS OF MODULATING AN IMMUNE RESPONSE < 

(Li.i) NUMBER OF SFOUENCF,:'; : 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Crockett & Fish 

(B) STREET: 1440 N. Harbor Blvd., Suite 706 

(C) CITY: Fullerton 

(D) STATE: California 

(E) COUNTRY: United States of America 

(F) ZIP: 92835 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: WordPerfect 6.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Not yet assigned 

(B) FILING DATE: 21 November 1995 

(C) CLASSIFICATION: Not yet assigned 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME : Fish, Robert D. 

(B) REGISTRATION NUMBER: 33, 

(C) REFERENCE/DOCKET NUMBER: 

i 

(ix) TELECOMMUNICATION- INFORMATION : 

(A) TELEPHONE: 714-525-3433 

(B) TELEFAX: 714-525-3303 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(.{) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Double 

(D) TOPOLOGY: unknown 
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( C ) ST RAN DF, DM E S S : Do Lib I e 

( I)) TOPOLOGY : unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(>:,) :;KOUI-;NOK nKr.r:i>T PMM ON : UKO in NO:f".: 

cidcnrciciAcici ciCi(iT(i(.ncicic; (i 



( a ) INFORMATION FOR SEQ I D NO : 7 : 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: IB base pairs 
10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
1 5 TTGGAGGGGG AGGAGGGG 

(9) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 18 base pairs 

20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
25 TTGGAGGGGG AGGTGGGG 

(10) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 
30 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: Double 
.(D) TOPOLOGY: unknown . 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
35 TTGGAGGCGG TGGTGGCG 

(11) INFORMATION FOR SEQ ID NO:10: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 
45 TTGGAGGCGG TGGTGGCC 

(12) INFORMATION FOR SEQ ID NO: 11: 
(:i.) SEQUENCE CHARACTERISTICS: 
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(17) I M FORMAT I ON FOR SEQ 10 NO : 1 6 : 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 base pairs 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 6 
GGCiCi 

]() 

(IB) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

15 (C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 
CACTGCGGGG AGGGCTGGGG 

20 

(19) INFORMATION FOR SEQ ID NO: 18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: Double 

( D ) TOPOLOGY : unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 
ATGGGGTGCA C A A ACTGGGG 

30 

(20) INFORMATION FOR SEQ ID NO: 19: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 
35 (C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 
AACGTTGAGG GGCAT 

40 

(21) INFORMATION FOR SEQ ID NO: 20: 
. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 
45 (C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 
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( x i ) MOLECULE TYPE : DNA ( genomic ) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2b 
AGTTGAGGGG ACTTTCCCAG GC 

(27) INFORMATION FOR SEQ ID NO:26: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26 
TGTCGAATGC AAATCACTAG AA 

(?\\) INFORMATION FOR SEQ ID NO:27 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 
AGAGATTGCC TGACGTCAGA GAGCTAG 

(29) INFORMATION FOR SEQ ID NO: 28: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) • , 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28 

GCAGAGCATA TAAGGTGAGG TAGGA 
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Table 2. Identification of oligonucleotide sequence responsible for 
inhibition of CD28 expression and CD28-dependent IL-2 production 



expression 
Oligo ID 



"Relative inhibition of 



Sequence 



CD28 



IL-2 



ICN 16064 



TTG GAG GGGGTG GTGGGG 



100 



100 



ICN 16481 
ICN 16065 



GGGGAG GA GGGO CTG GAA 100 
GGG TTG GAG GGG GTG GTGGGG 1 00 



100 
100 



ICN 16475 
ICN 16479 
ICN 16480 
ICN 16538 
ICN 16539 
ICN 16523 



TTG GAG GGGG AG GA G GGG 
TTG GAG GGGG AG GT GGGG 
TTG GAG GCGCT G GTGGCG 
TTG GAG CCGGT G*G TGGC C 
TTG GAG GGGCT C CTCGGG 
TTG G AG CCGGTG GTG G 



100 
100 
31 
40 
44 
38 



100 
100 
38 
57 
25 
57 



ICN 16525 
ICN 16526 
ICN 16483 
ICN 16482 
ICN 16527 
ICN 16528 



GGGGT G G TGGGG 
GGGG TTG GGG 



TGGGG 



GGGG 



CAC TGC GGGG AG GGC TGGGG 
A TGGGG TGC ACA A AC TGGGG 



100 
30 
2 
2 
58 
51 



120 
39 
2 
2 
76 
63 



ICN 16487 
ICN 16476 
ICN 16214 



AAC GTT GA G GGG CAT 
TTC CAG CCC CTC CTC CCC 
AAC CTC CCC CAC CAC CCC 



26 
29 
4 



52 
22 
2 



A 12 mer sequence containing two G quartets separated by four bases 
confers oligo activity. The minimal sequence required for in vitro activity 
of ICN 16064 was determined by the ability of sequential changes (in bold) 
to affect ICN 16064-mediated inhibition of CD28 expression in anti- 
CD3/PMA-activated human T cells and their effect on activated IL-2 
production in Jurkat T cells. 

'Results arc expressed relative to the activity of 5 (iM ICN 16064 (100%) 
whose range of inhibition . In seven experiments was 52 - 79 % of CD28 
expression and 76 - 89 % of IL-2 production. 
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What is claimed is: 

1. An aptamer having a sequence which includes at least two G-rich regions selected 
from the group of GGnG, GGGG, GnGG and GGG, where G is guanidinc and n is 
any nucleotide. 

* 

2. i The aptamer of claim 1 wherein at least two of the at least two regions are 

separated by less than seven nucleotides. 

3. The aptamer of claim 1 wherein at least two of the at least two regions are 
separated by three to six nucleotides, inclusively. 

4. The aptamer of claim 1 wherein at least two of the at least two regions are 
separated by four nucleotides. 

5. The aptamer of claim 1 which competes for a nucleic acid binding site of an 
immune regulatory protein. 

6. The aptamer of claim 2 wherein the immune regulatory protein is selected from the 
group of SP1, NFKB, EGR1 and AP2. 

7. The aptamer of claim 1 which competes for a nucleic acid binding site of an 
immune regulatory protein, wherein at least one of the at least two G-rich regions 
comprises GGnG, and at least two of the at least two regions are separated by less 
than seven nucleotides. 

8. The aptamer of claim 1 which competes for a nucleic acid binding site of an 
immune regulatory protein, wherein at least one of the at least two G-rich regions 
comprises GGGG, and at least two of the at least two regions are separated by less 
than seven nucleotides. 

9. The aptamer of claim 1 which competes for a nucleic acid binding site of an 
immune regulatory protein, wherein at least one of the at least two G-rich regions 
comprises GnGG, and at least two of the at least two regions are separated by less 
than seven nucleotides. 
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10. The aptamer of claim 1 which competes For a nucleic acid binding sile of an 
immune regulatory protein, wherein at least one of the at least two G-rich regions 
comprises GGG, and at least two of the at least two regions are separated by less 
than seven nucleotides. 

1 1 . The aptamer of claim I comprising the sequence 5' TTG GAG GGG GTG GTG 
GGG. 3* (Seq. Id. No. 4). 

12. The aptamer of claim 1 comprising the sequence 5' GGG GAG GAG GGG CTG 
GAA 3' (Seq. Id. No. 5). 

13. The aptamer of claim I comprising the sequence 5* GGG GTG GTG GGG 3* (Seq. 
Id. No. 13). 

14. The aptamer of claim 1 comprising the sequence 5* TTG GAG GGG GAG GAG 
GGG 3* (Seq. Id. No. 7). 

15. The aptamer of claim 1 comprising the sequence 5* TTG GAG GGG GAG GTG 
GGG 3' (Seq. Id. No. 8). 

16. The aptamer of claim 1 comprising the sequence 5* GGG TTG GAG GGG GTG 
GTG GGG 3* (Seq. Id. No. 6). 

17. A method of modulating immune system response in a patient, comprising: 
administering to the patient an aptamer according to any of claims 1-16. 

18. A method of treating a patient having a condition characterized by an inappropriate 
immune system response, comprising administering to the patient an aptamer 
according to any of claims 1-16. 

19. The method of claim 18 wherein the condition comprises a graft vs host response. 

20. The method of claim 18 wherein the condition comprises an autoimmune disease. 
21 The method of claim 20 wherein the condition comprises rheumatoid arthritis. 
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5 24. 



The method of claim 20 wherein the condition comprises multiple schlerosis. 



23. The method of claim 20 wherein the condition comprises lupus crthvmntosis. 



The method of claim 20 wherein the condition comprises insulin dependent 
diabetes mellitis. 



25. The method of claim 20 wherein the condition comprises psoriasis. 
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AMENDED CLAIMS 

[received by the International Bureau on 20 May 1998 (20.05.98); 
original claims 1-3, 7-10, 17 and 24 amended; 
remaining claims unchanged (3 pages)] 

1 . An aptamer having a sequence which includes at least two G-rich regions selected 
from the group of GGnG. GGGG. GnGG, nGGG and GGGn, where G is guanidine 
and n is any nucleotide. 

* 

2. The aptamer of claim 1 wherein at least two of the at least two regions are separated 
by less than two to seven nucleotides, inclusive. 

3. The aptamer of claim 1 wherein at least two of the at least two regions are separated 
by three to six nucleotides, inclusive. 

4. The aptamer of claim 1 wherein at least two of the at least iwo regions are separated 
by four nucleotides. 

5. The aptamer of claim 1 which competes for a nucleic acid binding site of an immune 
regulatory protein. 

6. The aptamer of claim 2 wherein the immune regulatory protein is selected from the 
group of SP1,NFKB,EGR1 andAP2. 

7. The aptamer of claim 1 which competes for a nucleic acid binding site of an immune 
regulatory protein, wherein at least one of the at least two G-rich regions comprises 
GGnG, and at least two of the at least two regions are separated by two to seven 
nucleotides. 

8. The aptamer of claim 1 which competes for a nucleic acid binding site of an immune 
• regulatory protein, wherein at least one of the at least two G-rich regions comprises 

GGGG, and at least two of the at least two regions are separated by two to seven 
nucleotides, inclusive. 

9. The aptamer of claim 1 which competes for a nucleic acid binding site of an immune 
regulatory protein, wherein at least one of the at least two G-rich regions comprises 
GnGG, and at least two of the at least two regions are separated by two to seven 
nucleotides, inclusive. 
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10. The aptamer of claim 1 which competes for a nucleic acid binding site of an immune 
regulatory protein, wherein at least one of the at least two G-rich regions comprises 
nGGG or GGGn, and at least two of the at least two regions are separated by two to 
seven nucleotides, inclusive. 

1 1 . The aptamer of claim 1 comprising the sequence 5' TTG GAG GGG GTG GTG GGG. . 
3' (Seq. Id. No. 4). 

12. The aptamer of claim 1 comprising the sequence 5* GGG GAG GAG GGG CTG 
GAA y (Seq. Id. No. 5). 

13. The aptamer of claim 1 comprising the sequence 5* GGG GTG GTG GGG 3' (Seq. Id. 
No. 13). 

14. The aptamer of claim 1 comprising the sequence 5' TTG GAG GGG GAG GAG GGG 
3' (Seq. Id. No. 7). 

15. The aptamer of claim 1 comprising the sequence 5' TTG GAG GGG GAG GTG GGG 
3' (Seq. Id. No. 8). 

16. The aptamer of claim 1 comprising the sequence 5' GGG TTG GAG GGG GTG GTG 
GGG 3' (Seq. Id. No. 6). 

17. A method of modulating immune system response in a patient, comprising 
administering to the patient an aptamer according to any of claims 1-16. 

18. A method of treating a patient having a condition characterized by an inappropriate 
immune system response, comprising administering to the patient an aptamer 
according to any of claims 1-16. 

19. The method of claim 1 8 wherein the condition comprises a graft vs host response. 

20. The method of claim 1 8 wherein the condition comprises an autoimmune disease. 

21. The method of claim 20 wherein the condition comprises rheumatoid arthritis. 
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22. The method of claim 20 wherein the condition comprises multiple sclerosis. 

23. The method of claim 20 wherein the condition comprises lupus erthymatosis. 

24. The method of claim 20 wherein the condition comprises insulin dependent diabetes 
mellitus. 

25. The method of claim 20 wherein the condition comprises psoriasis. 
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Figure 3 
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Figure 4 
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